Abstract-Swarm robots are employed to measure scalar field on many missions. Estimating the scalar value of points near the swarm robots are necessary, when robots are deployed to explore a 2D(Two-Dimensional) scalar field or track some extreme points in it. But it would not to be effortless to get accurate value, since the sampled data are always contaminated by noise. In this paper a discrete state transition model of 2D scalar field is addressed, and this model can be implemented with the Kalman Filter for data fusion on a 2D scalar field exploration mission. The differential equation of the state vector in 2D scalar field is different from the common state transition model utilized by researchers, because the differential variable of it is not only one, however there are two different differential variables, i.e., x and y. This is also the reason why the common state transition model could not be implemented under this context. In this study, the state transition model is developed based on polar coordinate system by making assumptions about the correlation property of elements in Hessian matrix. The computer simulation is executed to prove the validity of this model when it is applied together with Kalman Filter on a 2D scalar field exploration mission performed by four robots.
I. INTRODUCTION
Measuring and exploring a scalar field are necessary in some subjects, such as ocean science and meteorology. Since the maneuverability of mobile robots, they are ideal platform to perform this kind of mission. Given the decreased cost of small robots currently, the application of swarm robots become common. Applications of swarm robots in scalar field include covering explorations, extreme point detections and so on. For instant, tracking the extreme point in the temperature field of a specific depth layer in the ocean. In [1] , Bachmayer and Leonard implemented gradient descent method to develop a robot formation control strategy to find extreme points in a scalar field. Choi et.al. conducted a study for a distributed control algorithm to detect the extreme point in [2] . Zhang et.al., in [3] carried out a relevant research about multi-robot cooperative motion control and cooperative sensing to explore a noisy scalar field in the plane, and developed a data filtering process by using the extended Kalman filter algorithm. Researchers also provided strategies for sampling coverage over a large area [4] [5] [6] . Recent work about multi-robot were overall reviewed in [7, 8] .
Estimating the scalar value of points near the swarm robots is very important, when robots are deployed for scalar field detection, especially for extreme point tracking. We need a scalar field state transition model to filter sampled data with the Kalman filter for more accurate estimations, because the measurement is always contaminated by noise. In this paper, the Wiener-Kolmogorov whiting process mentioned in [9, 10] is used to model the variation of Hessian matrix elements. Contents of this article are as follows: section III illustrates the establishment of the state transition equation, section IV describes the measurement equation, in section V a formation adaptive conception is addressed, and the simulation results are shown in section VI.
II. STATE TRANSITION EQUATIONS

A. State Dynamic Equations
Since the scale field in nature is slow changed, e.g., the temperature field, the dissolved oxygen(DO) field, and etc., mutation is impossible to happen normally. As a result, similar with the process which is implemented by Singer in [10] , the correlation function of elements in Hessian matrix can be established. Assuming that two points locate in the relative position shown in Fig. 1 
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Assume that the scalar value in the field is represented by T , then the state vector containing Hessian matrix elements could be directly denoted by 11 12 22 , , , , ,
Although the correlation properties of Hessian matrix elements are assumed to be isotropic, the variation of , x T T 
Combining (2) (5) are expressed in (6) , and the matrix transpose operation are denoted by the superscript T. 
B. Discrete State Transition Equations
In the following sentences of this paper, the state vector of position where it is estimated in step k is denoted by Z k , to develop the discrete state transition equation. Since the origin shift of polar coordinate will not vary the result of the integral of white noise, the origin of polar coordinate is translated to the position of Z k . As a result the lower limit of the integral of white noise will be zero and the upper limit of this integral will be , , ,
In (7), the second part of the right side is the driving input which denotes the influence of 
Finally, the measurement equation is found, shown as (12), 
IV. ADAPTIVE FORMATION CONCEPTION The prediction equation and update equation of Kalman Covariance Matrix are shown as (14).
In the step k-1, 
V
. Four robot are deployed to form a square formation with the distance between every robot and the centroid being 0.1, then the swarm robots sample the field with covering sampling routine in 0.2 step distance. Other parameters is set as expressed in (15). The routine of robots is shown as Fig. 3 . The starting point is red square and ending point is red cross. Estimation value of the center of robots formation is shown in Fig. 4 . In this graphic, the black line represent the estimation value; blue circle is on behalf of the measurement value with noise and the 2D scalar field is indicated by the colored surface. From the intuitive point of view, the estimation value is more close to the surface then the measurement value. By analyzing quantitatively, mean square error(MSE) of the estimation value is about 0.01687. And it is less than one fifth of the measurement noise variance, 2 0.1 v k V . Fig. 4 Estimation value of the center of robots formation VI. CONCLUSION In this paper a 2D scalar field model and its state transition equation for discrete Kalman filter is addressed. The simulation result shows that on the mission to explore a 2D scalar field with a fleet of robots, the model is efficient to improve the accuracy of estimate by combining with Kalman filter.
In the section IV, an adaptive formation conception is proposed. But the searching process of p H k is too troublesome to achieve the conception . Thus in the future, finding out a concise manner to get the optimal p H k will be the primary objective. Since a spherical coordinate can take the place of the polar coordinate, the model can be extended to 3D scalar field. Consequently, this will be the next step of our work to extend our model.
